The entire genome of hepatitis B virus (subtype adr) has been cloned into pBR322. The clones could be classified into at least seven groups by their restriction endonuclease cleavage maps. The nucleotide sequences of the hepatitis B surface antigen (HBsAg)-coding regions for five clones were determined and compared with published sequences of the HBsAg gene including those of adw, ayw, adyw and adr. The 13 available versions of the amino acid sequence of the polypeptide, predicted from the nucleotide sequences, were analysed in terms of the established specificities of the HBsAg, including the four subtypes. The analysis indicated that a relatively hydrophilic region of the HBsAg protein, spanning amino acid residues 110 to 160, specifies the major (w) and (r) subtype system. The (w/r) subtype appears to depend on changes in one or more variable amino acids at positions 47, 110, 113, 126 and 160 of the HBsAg polypeptide.
One of the major markers of infection by hepatitis B virus (HBV) is the HBV surface antigen (HBsAg), which has been the subject of extensive immunochemical characterization and consists of a group-specific (a) and two sets of 'allelic' subtype (d/y, w/r) determinants (Le Bouvier & Williams, 1975) . Thus, the HBsAg can be classified into four major subtypes, ayw, ayr, adw and adr. Substantial evidence indicates that the HBsAg is specified by the viral genome; these specificities are associated with a single polypeptide (Gold et al., 1976; Shih et al., 1978) , the entire 226 amino acid sequence of which has been determined from the nucleotide sequence of the S gene (Tiollais et al., 1981) of HBV (Valenzuela et al., 1979; Galibert et al., 1979; Pasek et al., 1979) . Subtype adr, which is studied here, is a major type in Japan and Southeast Asia, and other subtypes are distributed in restricted areas (Sobeslavsky, 1978) . This suggests that each virus subtype has undergone independent evolution. Thus, it could be expected that subtype-specific determinant regions exist in the viral genome. Therefore, comparison of the S gene from many subtypes would allow us to deduce these regions.
In this communication, we report on cloning of the HBV genome of the adr subtype, analysis of HBsAg genes and identification of subtype-specific determinants by comparison of the amino acid substitutions in the HBsAg polypeptide consistent with changes in the w/r subtype specificity.
Virus particles were prepared as described by Summers et al. (1975) except that they were further purified by banding in metrizamide (1.6 g/I; Nyegaard) equilibrium density gradients after addition of solid metrizamide directly to the virus suspension. After centrifugation in an SW65 rotor (Beckman) at 45000 r.p.m, for 24 h at 15 °C, each gradient was collected in 0-2 ml fractions. Details of the method of DNA preparation have been described by Robinson et al. (1974) . DNA polymerase reactions were carried out as previously described (Kaplan et al., 1973) . TCA-precipitable radioactivity was determined after treatment as follows: 16. ~" There are no clones belonging to groups 6 and 9.
proteinase K (Boehringer Mannheim) and 50 ~g of yeast tRNA were added to 10 pl of the reaction mixture, the mixture was incubated at 37 °C for 30 min, 1 ~ (w/v) SDS and 10 mM-2-mercaptoethanol were added and incubated for an additional 1 h at 37 °C. The reaction was stopped by adding 1 ml 10~o (w/v) TCA followed by standing on ice for 30 min. The precipitate was collected by filtration on glass fibre filters (Whatman GF/C), washed with ice-cold 5~ (w/v) TCA, dried and counted in a Packard liquid scintillation spectrometer. Restriction endonuclease XhoI was found to cleave the HBV DNA at a single site, and was used in the cloning of the entire genome. The viral DNA fragments were cloned into the SalI site of pBR322 (Bolivar et al., 1977) . Escherichia coli K12 HB101 was used as the host bacterium. Isolation of cloned DNA was as described previously (Davison & Wilkie, 1981) .
The nucleotide sequences of DNA fragments, 5' end-labelled at a single site, were obtained by the chemical degradation procedure (Maxam & Gilbert, 1980) . To predict immunogenic determinant sites, hydrophilicity of amino acid residues was analysed as described by Hopp & Woods (1981) .
Twenty-three clones carrying the entire genome of HBV were isolated from pooled HBsAg- Maxam & Gilbert (1980) . Only the restriction sites that are common to all the clones studied in the text are presented. Arrows indicate the direction of sequencing from the restriction sites shown by filled circles.
positive plasma (subtype adr), obtained from 15 different patients persistently infected with HBV. The HBV DNAs of these clones were analysed by mapping with two restriction endonucleases, TaqI and HinclI. For each nuclease, three patterns were observed, illustrated in Fig.  1 . Consequently, the 23 clones were assigned to at least seven groups from these results, as summarized in Table 1 . Detailed restriction endonuclease cleavage mapping was carried out for the clones, pHBR3, 14, 15, 31 and 53, which were chosen as a representative of each group (data not shown). Some characteristic features were found in the cleavage maps; there were no restriction sites for EcoRI and HpaI. The former is present in all the published HBV DNA sequences, except for one which is similar to the ayw subtype (Bichko et al., 1982) and the latter is chacteristic of the adw2 subtype (Valenzuela et al., 1979; Sninsky et al., 1979) . The nucleotide sequences of the HBsAg-coding region in the five clones, pHBR3, 14, 15, 31 and 53, were determined (Fig. 2) and are shown in Fig. 3 . Although some substitutions were found in each clone, the nucleotide sequence of the HBsAg gene is highly conserved (about 98 homology) among the nine sequenced adr clones, i.e. the five clones studied here and the four previously reported (Fujiyama et al., 1983; Ono et al., 1983) . In clone pHBR31, the sequence which should have been the open reading frame of the HBsAg contained three in-frame terminator codons (TGA at positions 193 and 205, TAG at position 514). This result is surprising, because plasma as a source of virus particles were obtained from HBsAg-positive carriers. Similarly, adr125 (Fujiyama et al., 1983 ) also has one terminator codon TGA at position 205.
Thirteen versions of the amino acid sequence for the HBsAg polypeptide can now be predicted from the available DNA sequence data: the nine sequences for adr, and one each for adyw, ayw, adw2 and adw. These data are assembled in Fig. 4 with the hydrophilicity profile of the HBsAg polypeptide which was predicted from the nucleotide sequence of pHBR14. It is clear that the positions of the amino acid substitutions are not randomly distributed. It was noticed that some substitutions were found at positions 123 to 143 in subtypes other than adr, though there were no substitutions in the nine subtype adr clones compared. This suggests that this region is at least a part of the sequence essential for the (w/r) determinant.
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